The objective of this study was to investigate the effect of CP intake from 2 grass silageonly diets, differing in CP concentration, fed at similar DMI on the equine colon ecosystem after an abrupt feed change between the diets. Four adult right ventral colon-fistulated geldings were fed one silage-only diet high in CP (HP, 873 g of CP/d) and one diet providing recommended intakes (RP, 615 g of CP/d). An adaptation period of 15 d on either the HP or the RP diet was followed by 2 experimental periods when the diets were fed for 22 d each in a crossover design. Colon samples were taken before and at 4, 12, and 24 h, and at 7, 14, and 22 d after the feed change. During the first 24 h after the abrupt feed change, the concentrations of total anaerobic bacteria and lactobacilli were greater on the HP than the RP diet (7.1 vs. 6.7 log 10 cfu/mL, P = 0.021, 6.0 vs. 5.5 log 10 cfu/mL, P = 0.021, respectively).
INTRODUCTION
The use of silage and haylage as feed for horses is increasing in Europe. However, few studies have been published on grass silage diets for horses, and some reports of disturbances such as moist feces, have been made in connection with feeding silage (Holmquist and Müller, 2002; Müller, 2002) . One reason for disturbances in the ecosystem of the large intestine might be an abrupt introduction of the new roughage. In the report by Connysson et al. (2006) , a high-CP intake (160% of requirements) from silage decreased fecal DM concentration and increased fecal N concentration compared with a silage with the recommended CP content within 36 to 48 h after an abrupt change between silages. After 3 wk of adaptation, the fecal N concentration was still greater and the fecal DM concentration was still less on the high-protein silage diet. Furthermore, after 3 wk the fecal pH was less on the high-CP intake than the recommended CP intake. According to Meyer (1983) , an increase of nitrogenous compounds in the large intestine could change the composition of the microbial flora, increase ammonia production, and affect the pH and osmolality. The objective of this study was to investigate the effects of CP intake from 2 grass silages, differing in CP concentration, fed restrictedly with similar DMI on the equine colon ecosystem and the impact of an abrupt change between the silages. The hypothesis was that a CP intake exceeding 40% of the recommendation (NRC, 1989) would change the composition and increase the activities of the colon microflora.
MATERIALS AND METHODS

Horses and Management
The experiment was performed at ENESAD, France, and the project was conducted under license from the Department of Health and Animal Care of the French Veterinary Authority.
Four adult geldings (crossbreed, aged 6 to 11 yr) were used. Body weights ranged from 412 to 452 kg (without restriction of feed and water), and geldings were fistulated in the cecum and right ventral colon. Animals were surgically prepared by a certified large animal veterinarian, using the technique described in Drogoul et al. (2000a) . Horses were kept in individual free stalls on artificial bedding and were dewormed with Ivermectine (Ceva, Libourne, France) 15 d before the beginning of the experiment.
Experimental Diets
Two silages with similar estimated ME content (Table 1) were fed restrictedly to result in similar DM and ME intakes. Silage (HP) had a CP content of 168 g of CP/kg of DM and the other silage (RP) had a decreased CP content of 131 g of CP/kg of DM. The HP silage diet resulted in a high-CP intake of 873 g of CP/d, and the RP silage diet resulted in a CP intake of 615 g of CP/d, close to the recommended dietary CP intake for adult horses (NRC, 1989) . Individual diets were calculated to meet the maintenance energy (0.5 MJ of ME × BW0.75, Jansson et al., 2004) and mineral needs (NRC, 1989) , and water was offered ad libitum from buckets. The daily amount of offered silage was 9.1 to 10.5 kg. Diets were supplemented (45 to 60 g/d) with a commercial mineral product (Krafft, Falkenberg, Sweden, content/kg of mineral feed: Ca, 55 g; P, 65 g; Mg, 60 g; NaCl, 125 g; Cu, 900 mg; Se, 15 mg; vitamin A, 100,000 IU; vitamin D 3 , 10,000 IU; and vitamin E, 5,000 mg) and salt (16 to 20 g/d). The horses were fed approximately 20% of the daily feed allowance at 0800, 1000, and 1500 h, and 40% at 1730 h.
The grass silages (seed mixture: HP: 65% timothy, 35% meadow fescue; RP: 72% timothy, 13% meadow fescue) were harvested in the same area in Sweden (latitude 63°N, longitude 14°E). The HP silage meadow was fertilized with 102 kg of N/ha, and the RP silage meadow was fertilized with 80 kg of N/ha. The 2 forages were first cuts that were wilted to approximately 50% of DM and conserved as bales wrapped in plastic (RP: round bales 620 to 630 kg/bale; HP: square bales 460 to 470 kg/bale). After approximately 8 mo of storage, the bales were transported to France, and approximately 1 wk later, the experiment was begun. During the experiment, opened bales were kept at 4 to 8°C.
Experimental Design
The 4 horses were randomized to the diets described above and were given a 15-d adaptation period, during which, in the first 6 d, they were gradually shifted from a hay and concentrate diet to the RP or the HP silage. The adaptation period was followed by the 2 experimental periods when the HP and the RP silages were fed for 22 d each in a crossover design. The first day of each experimental period began with an abrupt change to the other silage diet at 0800 h. The horses were weighed 7 times during each experimental period (1 horse was weighed only 3 times during period 2 because of technical problems), always at 0930 h (without restriction of feed and water). Water intake was measured daily, but there were missing values when horses had tipped over buckets.
Silage Sampling and Analyses
Silage samples for chemical analyses were taken weekly throughout the experiment and immediately The grass silage diets were fed restrictedly to result in similar DMI, but a CP intake close to recommended (NRC, 1989) daily CP intake (diet RP, 615 g of CP/d) or greater than recommended daily CP intake (diet HP, 873 g of CP/d).
frozen (−20°C). The frozen samples were chopped and pooled into 1 sample for each silage and period, and divided into subsamples for analysis of fresh matter, DM, and pressed silage juice. Silage samples were taken aseptically, using a stainless steel core sampler that was sprayed with ethanol and flamed between each sampling, twice during each period for microbial analysis.
Preparation and conventional chemical analyses (DM, NDF, ADF, water-soluble carbohydrates, ash) of silages were performed as described by Palmgren Karlsson et al. (2000) , except for the silage N analysis, which was conducted on fresh matter. Dried and milled samples of silage were incubated for 96 h in buffered rumen liquid (39°C), and in vitro digestible OM was determined as described by Lindgren (1979) . Ammonia N concentration was determined by direct distillation with a Kjeltec Auto System 1020 (Foss, Höganäs, Sweden). The AA content was not analyzed because it has been shown to vary little owing to fertilization (Lyttleton, 1973; Syrjälä-Qvist et al., 1984) . The ADIN was analyzed according to Licitra et al. (1996) , and buffer-soluble N was analyzed according to Hedqvist and Udén (2006) . The silage fluid was analyzed for VFA by HPLC according to the method of Andersson and Hedlund (1983) . Minerals were determined by boiling samples in nitric acid (7 M), and measurements were done with inductively coupled plasma optical emission spectrometry (SS-EN 14538:2006, Ametek Spectro, Kleve, Germany). Analyses of silage microbiological quality (yeast, mold, clostridia, and lactic acid bacteria) were made according to established methods, as described by Müller (2005) . Enterobacteria were cultivated for growth of facultative anaerobes on violet red bile dextrose agar plates at 37°C for 48 h (Seale et al., 1986 ).
Colon and Fecal Sampling and Analyses
Samples for microbial analysis were obtained, by gravity via the colon cannulas into CO 2 -saturated flasks maintained at 38°C, before the feed change (0 h), then at 4, 12, and 24 h after the feed change (at 0730, 1200, 2000, and 0800 h, respectively) and at 7, 14, and 22 d after the feed change (at 0800 h). Samples for chemical analyses were taken from both the right ventral colon and rectum at the same time as the microbial samples. Feces and colonic contents were filtered through a 100-µm nylon Blutex filter and 2 subsamples were immediately frozen (−20°C). When quantities of collected digesta or feces were limited, the first priority at sampling was microbial analysis (minimum 100 g), the second priority was chemical analysis (minimum 30 g), and the third priority was DM analysis (35 g). On several occasions (for all individuals), it was possible to get only a small quantity of colon digesta and there was a limited fecal output (empty rectum), which resulted in missing values for DM analyses of colon digesta and feces.
Fecal and colonic content pH were measured immediately after each collection by using an electronic pH meter (WTW, Weilheim, Germany). The colon fluid was analyzed for VFA by using the technique described above, ammonia and urea were analyzed by spectrophotometry (Gutmann and Bergmeyer, 1974) , and N content was analyzed according to the Kjeldahl procedure (Nordic Committee on Food Analysis, 1976). The colon fluid was analyzed for lactate by spectrophotometry (Gutmann and Wahlefeld, 1974) . Osmolality of the colon fluid supernatant (16,000 × g, 5 min) was determined by freezing-point depression (Fiske 210 and Advanced Osmometer, Model 3250, Advanced Instruments Inc., Norwood, MA). Colon fluid N, ammonia, urea, and osmolality were measured only on samples taken at 22 d.
Bacterial inoculations were done in 3 replicates and performed under an O 2 -free CO 2 gas phase. Total viable anaerobic bacteria and lactic acid-utilizing bacteria counts were determined in anaerobic roll tubes after 48 h of incubation, cellulolytic bacteria were determined after 14 d of incubation, and Lactobacilli spp. and Streptococci spp. were determined after 48 h of incubation on Petri plates, all according to the method of Medina et al. (2002) . Proteolytic bacterial counts were determined in anaerobic roll tubes on a selective medium (Chaucheyras-Durand et al., 2005) modified at ENESAD. The number of viable bacteria was determined after 72 h of incubation at 38°C as the average of 3 replicate roll tubes prepared at dilutions representing 10 −4 , 10 −5
, and 10 −6 /mL of colon content. There were occasional missing values because of contamination.
Blood Analyses
Blood samples (7 mL) were taken by venipuncture from a jugular vein before the feed change and at 1, 4, and 24 h and 22 d after the feed change in heparinized [lithium heparin (spray dried) 119 US Pharmacopeia units] tubes (BD, Franklin Lakes, NJ). They were kept on ice until centrifuged (2,151 × g, 20 min), and the plasma was then frozen (−20°C). Plasma was analyzed for ammonia and urea by using the technique described for colon samples.
Statistical Analysis
The data were divided into 2 parts. The first part was an analysis of short-term effects, including samples taken at 0, 4, 12, and 24 h after the abrupt feed change. The second part was an analysis of long-term effects, including samples taken at 7, 14, and 22 d after the abrupt feed change. Logarithmic transformations (log 10 ) were performed on microbial counts before the statistical analysis. All variables were analyzed by a statistical model including fixed (period, treatment, sampling time within period) and random (horse) effects. The model for an observed variable of horse i in period j, given treatment k at sample time l was Y ijkl = µ + h i + π j + γ k + (πγ) jk + t l + (γt) kl + e ijkl .
Effect of crude protein intake from silage on the equine colon The effect of repeated measurements within horse i was modeled by assuming the errors e ijkl to have correlation coefficient ρ d , where d is the time difference between the sampling occasions. The other model components were the overall mean µ, the effect of horse h i , the effect of period π j , the effect of treatment γ k , the effect of the interaction between period and treatment (πγ) jk , the effect of sampling time within period t l , the effect of the interaction between treatment and sampling time (γt) kl , and the random error e ijkl . Analysis of variance was performed with PROC MIXED (SAS Inst., Inc., Cary, NC). Error for all effects except the interaction between treatment and period was used to test the main effects. When significant main effects of time occurred, pairwise t-tests were conducted to separate the main effect means of time. Values are presented as least squares means of 4 horses with the pooled SEM (n = 4). Differences were considered statistically significant at P < 0.05.
RESULTS
No feed residues and no differences occurred in DMI per horse and day on the HP and the RP diets (5.2 and 4.7 kg of DM, respectively, SEM = 0.1, P = 0.058; 1.1 to 1.2% of BW). Moreover, no differences in BW (437 vs. 435 kg, SEM = 10, P = 0.207) or daily water intake (12.4 vs. 11.4 kg/d, SEM = 0.4, P = 0.088) were found between the HP and RP diets.
24-h Observations
There were no time × treatment interactions; therefore, only main effects are discussed. Concentrations of colon total anaerobic bacteria were greater on the HP diet than on the RP diet (7.1 vs. 6.7, SEM = 0.3, P = 0.021) and the concentrations decreased at 4 h post feed change ( Table 2 ). The concentrations of cellulolytic bacteria were unchanged during the 24-h post feed change. Concentrations of lactate-utilizing bacteria decreased at 4 h ( Table 2 ). The concentrations of proteolytic bacteria decreased at 4, 12, and 24 h ( Table  2) . Concentrations of lactobacilli were greater on the HP diet than on the RP diet (6.0 vs. 5.5, SEM = 0.3, P = 0.021). The concentrations of streptococci were less at 4 h than at 12 and 24 h after the abrupt feed change (Table 2) .
Colon acetate and butyrate concentrations increased at 4 and 12 h after the abrupt feed change (Table 2) . Colon propionate and total VFA increased at 12 h post feed change (Table 2) . Colon lactate concentrations were below the detection limit (<0.2 mmol/L) on both diets. Colon and fecal pH were unchanged during the first 24 h after the abrupt feed change (Table 2) and did not differ between the HP and RP diets (7.1 vs. 6.9, SEM = 0.1, P = 0.073, 6.5 vs. 6.6, SEM = 0.1, P = 0.277). The plasma urea and ammonia concentrations were unchanged during the first 24 h after the abrupt feed change (data not shown). Colon DM concentrations were unchanged during the first 24 h after the feed change and averaged 4% (SEM = 0.7, P = 0.287). Fecal DM concentrations were unchanged during the first 24 h post feed change and averaged 22% (SEM = 0.8, P = 0.703).
Weekly Observations
There were no time × treatment interactions; therefore, only main effects will be discussed. The concentration of total anaerobic bacteria increased at 14 and 22 Table 2 . Colon (right ventral) microbial counts (log 10 cfu/mL), VFA concentrations (mmol/L), and colon and fecal pH before (0 h) and at 4, 12, and 24 h after an abrupt feed change between grass silage diets with a recommended and a high-CP concentration The grass silage diets were fed restrictedly to result in similar DMI but a CP intake close to the recommended (NRC, 1989) daily CP intake (diet RP, 615 g of CP/d) or greater than the recommended daily CP intake (diet HP, 873 g of CP/d).
2
Because there were no time × treatment interactions, least squares means across treatments are presented; n = 4. 3 Acetate, propionate, butyrate, isobutyrate, isovalerate, n-valerate, lactate. d (Table 3) . Concentrations of cellulolytic and lactateutilizing bacteria and lactobacilli were unchanged at 7 to 22 d (Table 3 ). The concentration of proteolytic bacteria increased at 14 d (Table 3) . At 22 d, the concentration of streptococci increased (Table 3) .
There was no effect of time on colon VFA and colon and fecal DM concentrations from 7 to 22 d. Concentrations of colon acetate and butyrate did not differ between the HP and RP diets, but colon propionate and colon total VFA were greater on the HP diet than on the RP diet (Table 4) . Colon lactate concentrations were below the detection limit (<0.2 mmol/L) for horses receiving both diets. The colon pH was greater on diet RP than on diet HP, and fecal pH did not differ between diets (Table 4) . Colon DM concentrations did not differ between diets at 7 to 22 d and averaged 4 ± 1.4% (P = 0.403), nor did fecal DM concentrations, which averaged 22% (SEM = 0.7, P = 0.571).
The colon fluid N, ammonia, and urea concentrations at 22 d did not differ between diets (Table 5) and N intake/d was not correlated with colon fluid N concentration (y = −0.186x + 127.43, R 2 = 0.015). At 22 d, colon osmolality did not differ between the RP and HP diets (Table 5) . At 22 d after the feed change, concentrations of plasma urea and plasma ammonia did not differ between the diets (Table 5) .
DISCUSSION
The abrupt feed change resulted in greater concentrations of total anaerobic bacteria on the HP diet than on the RP diet the first 24 h. In addition, there were changes in the lactate-producing bacteria; concentrations of lactobacilli were greater on the HP diet than on the RP diet, but concentrations of streptococci and lactate-utilizing bacteria were unchanged. However, colon VFA concentrations did not differ between diets, and lactate concentrations in the colon were consistently below the detection limit. This indicates that there could be microbes other than those cultivated in the current study that may be affected by an abrupt feed change or that changes in microbial activity could not be detected within the first 24 h, or both. The changes in microbial counts observed within 24 h were temporary, and at 7 d, there were no longer differences between the diets. Nevertheless, within the first 24 h, some long-term alteration of the activity of the colon ecosystem appeared to be initiated, resulting in a lowered pH between 7 to 22 d for animals receiving the HP diet.
In the present study, the results during the first 24 h after the abrupt feed change across diets are in accordance with the normal postfeeding fluctuations of VFA shown in other studies (Drogoul et al., 2000b; Medina et al., 2002) . These daily fluctuations are well known in ruminants (Bergman, 1990; France and Dijkstra, 2005) . In the present study, the microbial concentrations were also measured, and decreased bacterial counts were observed at 4 h for total anaerobic and lactate-utilizing bacteria and at 4 to 24 h for proteolytic bacteria. For VFA concentrations, sampling time had a greater effect Table 3 . Microbial counts (log cfu/mL) of colon (right ventral) Within a row, means without a common superscript letter differ (P < 0.05); pair-wise t-tests.
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The grass silage diets were fed restrictedly to result in similar DMI but a CP intake close to the recommended (NRC, 1989) daily CP intake (diet RP, 615 g of CP/d) or greater than the recommended daily CP intake (diet HP, 873 g of CP/d). The grass silage diets were fed restrictedly to result in similar DMI but a CP intake close to the recommended (NRC, 1989) daily CP intake (diet RP, 615 g of CP/d) or greater than the recommended daily CP intake (diet HP, 873 g of CP/d).
than diet on the numbers of total anaerobic, lactateutilizing, and proteolytic bacteria. However, Reitnour and Mitchell (1979) showed no significant effect of time after feeding on the numbers of anaerobic proteolytic cecal bacteria.
Intake of buffer-soluble N was numerically greater on the HP diet than on the RP diet (102 vs. 69 g/d, respectively), and the lack of difference in colon fluid N, ammonia, and urea concentrations at 22 d indicates a greater precolon absorption or fermentation of soluble N on the HP diet. The tendency for an increased plasma urea concentration and water consumption also supports the idea that there was an increased N absorption and metabolism on the HP diet in the present study. These results are in accordance with observations from Meyer (1983) , Connysson et al. (2006) , and Ragnarsson and Lindberg (2008) .
The lower colon pH on the HP diet (6.9 vs. 7.2) could be due to greater total VFA concentrations on the HP diet because colonic digesta pH changes correlate inversely with VFA concentration (Argenzio et al., 1974) . Because bacterial counts did not differ between the diets, the greater VFA concentration could indicate the presence of other noncultivated microbes, changes in microbial activity, or both. Studies on the rumen ecosystem have shown that increased N availability increases the VFA production (France and Dijkstra, 2005) . Increased N availability in the colon could not be verified in the present study. However, total N in the colon was not measured, but only N concentration in the liquid phase of the digesta. The greater VFA production and lower pH might also be explained by the tendency toward a greater DMI and NDF intake (approximately 270 g more/horse·d −1 ), stimulating greater microbial activity on the HP diet, or by differences in the digestive patterns of the NDF and ADF fractions. However, the increase in propionate concentrations has yet to be explained.
A low pH, increase in propionate concentrations, and accumulation of lactate are associated with high-concentrate diets, and Julliand et al. (2001) reported colon pH values of 6.3 on a 50/50% barley/hay diet. In the present study, colon pH values were high (approximately 7), and the observation of low lactate concentrations is in accordance with earlier studies on both roughage diets (Mackie and Wilkins, 1988) and mixed diets (Argenzio et al., 1974; De Fombelle et al., 2003) . The lactate content and the numbers of lactic acid bacteria of the silages were greater in the RP silage than in the HP silage, but pH differed only slightly. Although the pH was lower in the RP silage, pH in the colon was greater on this diet, which showed the apparent ability of the horse to buffer the silage. As far as we can determine, these differences in silage pH and numbers of lactic acid bacteria did not counteract any treatment effects in the colon.
Although colon pH decreased on the HP diet, the fecal pH did not differ between diets. However, the fecal pH was numerically lower, which is in accordance with the report of Connysson et al. (2006) , in which the fecal pH was significantly lower on a high-CP diet (6.11 vs. 6.27). The reason for the lack of significance in fecal pH in this study might be that the horses consumed only half as much feed as in the study by Connysson et al. (2006) , in combination with a low number of animals.
No feed residues occurred, but DMI tended to be greater on the HP diet than on the RP diet. This can be explained by the DM variations in the silage and that the feed allowance, for practical reasons, could not be corrected for these variations on a daily basis. Although the greater DMI resulted in a greater energy intake, the BW of the horses were not affected, which might be due to a greater need for energy in the intermediary metabolism of excess N to urea (Blaxter, 1989) .
The large SEM for microbial and biochemical measurements in this study indicate considerable variation in the colon ecosystem of the horse, which coincides with other reports using culturing techniques (Medina et al., 2002; De Fombelle et al., 2003) . The concentration of proteolytic bacteria determined between 7 and 22 d averaged 2.1 × 10 7 cfu/mL of colon content, which is less than the 3.0 × 10 8 cfu/g of colon ingesta reported by Mackie and Wilkins (1988) ; in that study, the horses were maintained on natural, unimproved mixed grass pasture and then had access to hay and water for 20 to 24 h before slaughter. The decreased concentrations in the present study could be due to the restricted feed intake compared with the ad libitum intake on pasture.
The proteolytic bacteria formed a large proportion of the total culturable bacteria, as reported in Kern et al. (1973) and Mackie and Wilkins (1988) . Mackie and Wilkins (1988) showed a much greater number of colony counts of proteolytic bacteria in the cecum than in the colon and a close relationship between total culturable and proteolytic bacteria in gut segments of the small intestine. Kern et al. (1974) showed that proteolytic activity per gram of ingesta was 30-fold or greater in the ileum than in the cecum or colon of ponies. Propionate and butyrate concentrations in the present study were on the same level, but acetate was approximately 65% of the values presented in Mackie and Wilkins (1988) , in which the horses had been on a natural, unimproved mixed grass pasture and then had access to hay and water for 20 to 24 h before slaughter. Reduced acetate concentrations in the present study could be due to different diet compositions or feed intakes.
The colon DM content was similar to the cecum DM content in horses fed roughage but was decreased compared with horses fed mixed diets, as reported by Schwabenbauer et al. (1982) . The water-and ion-binding capacity of undigested fibrous material results in a lower absorption rate and seems to be the main reason for an accumulation of water and electrolytes in the large intestine (Coenen and Meyer, 1987) . The DM content of colon and feces did not differ between diets in the present study, and there were also no differences in colon osmolality. This is in contrast to the report of Connysson et al. (2006) , in which the fecal DM was less on the high-CP diet. This indicates that the total amount of high-CP forage ingested could be important for fecal DM changes.
The results from this study suggest that, in horses fed at the maintenance level of energy intake, a feed change between silages with different CP contents may alter the colon bacterial counts within the first 24 h. During the next 3 wk, there was a small decrease in pH and an increase in VFA occurred, but there were no other major alterations in the composition and activities of the colon ecosystem or fecal DM.
